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92;[:hxRTS�vflb9�rL;RT3ç9f[¹RTSxv CBRTg,�u94D>[:ÿfU®D�vö02SgD DVrL;�RN}�3692SVD�D^hV943 5bSVD>0-g�94lblc[&BN`HG��o[
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Sx02D�RTU:D>023_RTDL5mg�RTlblb=�C®94;>r<04;>3 ��04;�[]9-D^h�RTS�R�Sx04SVI^ÿul]02g3�f5bSx}X[]�F5bD^g�hFÿöRN[]9fv
[|02lb94lb= 04SFD^hV9�ÿul]02g,�u5bSx}zC®;�02ÿ\RTÿf5blb5bD^=ç02rVD^hV9�RT;(g�hV5bD^94g�D^U®;�98{�EHSV=Xr<RTÿf;<5bg�g�RTS
04au94;>�FhV94lb3ýR []5bSx}�lb9 04U®D^C®U:D�CB02;<D>{�G@043ç9-aZ92Sxv:04;�[:�Fhx0f[]9 RN}u}4;�98}uRTD^9�C¹02;<D
g�RTCBRTg�5bD^=�g�RTSF�F92lbl89)�g�929fv D^hV9�r<RTÿu;>5bg�g�RTCBRTg�5bD^=X3_RT5bS�D<RT5mSFD^hV945b;�[]�F5bD^g�hV9f[¹RT;(9
Sx02SVILÿulc04g,�u5bSx}4Y�D^hV;�04UB}�h D^hV9 UB[]9e04r�R¹g�lb92aZ94;�ÿfU®rsrL94;>5bSx} []g�hV92369f{#õ:hV5][B}4U¹RT;�RTSVI
D^9498[:D^hxRTD�g�94lbl][:g�RTSFCBRN[|[:D^h�;�02U¹}4hFD^hV9-r<RTÿf;>5bg RTDVD^hV9�g�l]RT5b369fv r<RTÿf;<5bg []C®929fv8Y
D^hx02U¹}�h vö029f[:S�04D�RTlb��RT=\[¹v85b;(94g�D^lb=XD^;�RTSx[]l]RTD^9�5bSVD>0-D^hV;�04UB}�h�C:U®D>{

7:l]04g,�u5bSx}-C®94;>r<04;>3_RTSVg�9-5][B[]94Sx[]5mDL5bau9-D>0 []�F5bD^g�h�RT;(g�hV5bD^92g�D^U®;(9�RTSxv D^;RTrRG:g�g�h�RT;<I
RTg�D^94;>5][]D^5bg�[|{�Eo[¹v85][]g�UB[|[]9fv�RTÿö04aZ92YZR�õö` j ÿfU¹[:g�RTSFÿf9-S�04SVILÿfl]02g3�f5bSx}zC®;�04I
aZ5]v89fv D^hV9 RN}u}�;(9f}fRTD^9	CB04;>D8g�RTCBRTg�5bD^= v:0498[�Sx02Df9)�g�9498v D^hV9�ÿuUB[�g�RTCBRTg�5bD^=�{<GJCBRTg�9
v85baZ5][]5]02S�[]�F5bD^g�hFÿul]02g,�u5bSx}zC®;�02ÿ\RTÿf5blb5bD^=çv894C®92Sxv:[¹04SFD^h�9-SVU®36ÿf94;�04rVCBRTD^hx[
ÿf94D^�F9492S�[]�F5bD^g�hF92lb923694SVD>[|{¹õöhV9�3_02;�9�CBRTD^hx[]YND^hV9�l]04�F92;�D^hV9-ÿfl]02g3�f5bSx}zC®;�04ÿöRTI
ÿf5blb5bD^=�{��LrVD^hV92;�9 RT;(9�RN[:3_RTSV=�CBRTDLh�[:ÿu92D^�F9492S�[]�F5bD^g�hF94lb923694S�D>[¹RN[:D^hV94;(9 RT;�9
5bSVC®U®D�CB04;>D<[cYNDLh�94SF5bD�5][:S�04SVILÿfl]02g3�f5bSx}�YND^hx02U¹}�h D^hV5][:5][:g�0f[]D^lb=�{�jk08[]D�[]CBRTg�94I
v85baZ5][]5]02S�[]�F5bD^g�hV9f[]YNCBRT;>D^5bg�U:l]RT;>lb=XD^hV9�g�RT36C:UB[¹RTSxv 92SVD^94;>C®;<5][]9�D^=uC®94YZRT;(9�aZ5b;>DLU®I
RTlblb=XS�04SVILÿfl]04g,�u5mSx}u{

EHSx04D^hV92;x5m36C¹02;>D<RTS�DV5c[|[]U:9�5bSFE	õöj []�F5bD^g�h DL92g�hVSx04lc0f}�=�5][�������+<�T�:òX+LòL�XÃN{laTGJg�RTlbI
RTÿf5blb5bD^=�b-RN[#RNv8aZ94;>D^5][]98veÿf= aZ92Sxv:04;�[@g�RTS ;(92rL94;\D>0e�N�N5bSVg�;(9fRN[]5bSx} D^hV9 SVU®36ÿf94;�04r
CB04;>D>[@nZ�N5bSVg�;(9fRN[c5bSx}�D^hV9H[]C®9498v 04rZD^hV9�CB04;>Du5bSVD^92;<r<RTg�9f[VWZ�N5bSVg�;�98RN[]5bSx}evf5][cD<RTS�g�98[
ÿf94D^�F9492So[]�F5bD^g�hV98[&BJRTlmlN�F5bD^h S�0�3_R��(02;BRT;(g�h�5bD^94g�D^U:;�RTlZ02;B[|04r^DL��RT;(9�g�hxRTSx}�98[ZS�04;
[]5]}�S�5>G:g�RTSVD�C®94;>r<04;>3_RTSVg�9-lc0f[|[|{�EdaZ92Sxvö02;�3_RT=ç[|RT=XD^hV925b; RT;(g�hV5bD^92g�D^U®;(9-5][
aN[]g�RTl]RTÿflb9Pb¹ÿfU:D�[]g�RTl]RTÿflb9�5mS �FhV5bg�h RN[]C®94g�DZ�F5blbl«a�RT;>=�{ � E	õöjQ5bD<[c94lbr�5][®5mSVD^94Sxv89fv
D>0-ÿf9 }�9f08}�;�RTC®hV5bg vf5][]D>RTSVg�9 []g�RTl]RTÿulb9)BNhx04�F92aZ92;xD^hV5][:5c[:Sx04D�[]D^;>5bg�DLlm=çR�r<RTÿf;<5bg
RT;(g�hV5bD^94g�D^U:;(9�5][|[]U®9f{~�

jk08[]DZU¹[c94;�[®� 5mlbl«ÿu9�C®;>5b3_RT;>5blb=�g�04SVg�92;<SV98v �F5bD^h C®92;<r<02;<3_RTSVg�9 RTS�v ;(92lb5]RTÿu5mlb5bD^=�Y
ÿfU:D�5][|[]U®98[:5bS�[]g�RTlb5bSx}XRTS�v�;(98[]CB04Sx[]9�D>0-D^;�RTrJG:g�g�hxRT;�RTg�D^92;<5][]D^5bg�[¹v89f[c94;>aZ9-g�02SVI
[]5]v894;�RTD^5]04S ÿu92r<04;(9�g�0236365bD^D^5bSx}zD>0 R�C¹RT;>D^5bg�U:l]RT;�RT;(g�hV5bD^94g�D^U:;(98{

Fabric Architecture comparison

SS Fabric MS Matrix Brcast matrix TDM Bus

Fabric blocking probability   Zero      Medium      Zero          Zero

Cell replication complexity   Fair      High        Low           Low

Scalability (fabric speed)    Good      Fair        Fair          Poor

Scalability (number of ports) Poor      Good        Fair          Poor

Buffering in fabric           Likely    Required    Likely        Unlikely

Input buffering               No        Possible    Possible      No

Cost to produce               Low       Medium      High          Low

 SS = Single-Stage

MS = Multi-Stage

 Brcast = Broadcast
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Eí[]�F5bD^g�hgD�[VÿfU:r§rL94;>5bSx}e[]D^;�RTD^9f}�=HC:lcRT=\[xRTDflb9fRN[]DöRN[V5b36CB02;<D>RTSVDf;�04lb9	5bSçR�[]�F5bD^g�hKDm[
D^hV;�04UB}�hVC®U®D�RN[:D^hV9-D^=fC:9 04r�[]�F5bD^g�hV5bS�}zr<RTÿf;<5bg�9236C:lc04=u98vfYZ[c5bSVg�9-5bD�5][:D^hV9 04U®D^I
C®U®DVCB02;<D>[¹RTD��FhV5bg�hFD^hV9�;<5c[&�ç04rVg�92lbl8l]0f[�[:5][:hV5]}�h�9f[]D>{

õöh�9-D^;�RNvf9804r§rV5bSFÿuU®rsrL92; v898[]5]}�SF5][:l]RTD^92SVg�=Xa�[|{TD^hV;�02U¹}4hVC®U:D>{�7:U:r§rL94;�[¹RT;(9
SV929fv89fv D>0-h�04l]v g�94lbl][:5bS g�RN[]9 RTSF5bSVC®U®D�04;�04U®D^C®U:D�CB02;<D�5][:ÿfUB[]=�YNlb98[]D�D^hV9-g�92lbl][
ÿf9�v8;�04C®C®9fv:{�ü�02l]vf5mSx}zg�94lbl][:5mS�R�ÿuU®rsrL92;xg�RTSF5bSVg�;(98RN[]9�v894l]RT=�YNÿfU:D�Sx02D�ÿuU®rsrL92;<I
5bSx} g�94lbl][ � 5]{ 9f{2v8;�02C®C®5bSx}u��g�RTSçv894g�;(9fRN[]9�D^hV;�02U¹}4hVC®U:D>{�õ:hV9H[]3_RTlblb92;\D^hV9�;(9PO�U®5b;�92I
3692SVD>[Zr<04;®g�94lblZv894lcRT= a�RT;>5]RTD^5]04S � �Ô5bD^D^92;�8RTSxv g�94lblZv892l]RT=�Y�D^hV9 [c3_RTlblb94;®D^hV9�ÿfU®rsrL94;�[
[]hx02U:l]v ÿf9f{�õ:hV9�[c3_RTlblb94;�D^hV9-;(9�O�U:5b;(923694SVD>[:r<02;xg�92lbl8l]0f[|[cYNDLh�9-l]RT;�}�92;xD^hV9�ÿfU:rsrLI
92;[¹[]h�04U®l]v�ÿf98{

GJ�F5bD^g�hV9f[:g�RTSFg�04S�D>RT5bSF5bSVD^94;>SxRTl:RTSxv 9)�D^94;>SxRTl8ÿfU:rsrL92;�[|{"�ºSVD^92;<S�RTl8ÿuU®rsrL92;<5bS�}z5][
UB[]U¹RTlblm=X9436C®l]02=u98v�ÿf94D^�F9294S�[c�F5bDLg�hF92lb943ç94SVD>[¹02rxR�3_RTD^;<5>FRT;(g�hV5bD^92g�D^U®;�98{
���D^94;>SxRTlJÿfU®rsrL94;�[#02g�g�U®;\ÿu92r<02;�9H02;	RTrLD^92;\g�92lbl][VC¹RN[�[@D^hV;�04UB}�hXD^hV9H[]�F5bD^g�hXr<RTÿu;>5bg�Y
RTSxv hV92SVg�9�g�RTSF9F�5][cDxRTD�5bS�C:U®D�04;�02U:D^C®U®DVCB02;<D>[|{Tõ:hV9�3_0f[]D�g�04363_02SFÿfU:rsr^94;�[
[]9294SçRT;(9H02U:D^C®U®D � 9)�D^94;>SxRTl]��ÿuU®rsrL92;[|{o�ºS�DL92;>SxRTlJÿfU®rsrL94;�[VUB[]U¹RTlblb=o02g�g�U®;�RN[x[]3_RTlbl
ÿfU:r§rL94;�[:ÿu92D^�F9492S�[]�F5bD^g�hF94lb923692SVD>[:5bSF36U®lbD^5][]D>RN}�9-3_RTD^;>5>FRT;(g�hV5bD^94g�D^U:;(98[|{

7:U:rsr^94;�[¹RT;(9�R�g�04SVau94SV5b92SVD�C®l]RTg�9-D>0�9436C®l]02=XD^;RTrRG:g�3_RTSxRN}�923694SVD�[]g�hV92369f[:D>0
9)VRT365bSV9�RTS�v []92lb94g�D�g�94lbl][®r<04;�D>RN}u}�5bSx}�04;�vf;�02C®C:5mSx}u{�EHl][|04YNÿfU®rsrL94;�[:g�RTSFÿf9
RT;>;RTSx}49fv 5bSF3çU:lbD^5bC®lb9�C®;<5]02;>5bDL=�O�U:92U®9f[¹RTg�g�04;�v85bSx}-D<0�D^;�RTrJG:g�D^=uC®98{TjkRTS�=XaZ92SVI
v:04;�[:5b36C®lb943ç94SVD�36U®lbD^5bC®lb9-C®;>5]04;>5bD^=ÎO�U®94U®9f[:5bS D^hV945b;�04U®D^C®U:D�ÿfU®rsrL94;�[|{��eU:D^C®U®D
ÿfU:r§rL94;�[:g�RTSFÿu9�C®94;�CB04;>D^YNC®94;�}�;�04U®C 04rVCB02;<D>[]YZ02; 02SV9-lcRT;�}�9�ÿfU:r§rL94;�RTlbl]04g�RTD^9fv
C®94;�g�04SVS�94g�D^5]04Sx{

7:U:rsr^94;�[:g�RTSFÿu9 04;�}uRTS�5>HN9fv�RN[:5bSVC®U®D^YZ04U®D^C:U®D^YZ[]hxRT;(98v�5bSVC®U®D^YZ[]hxRT;(9fv�02U:D^C®U®D^Y
04;�[]hxRT;(98v�5bS�C:U®D^I<04U®D^C®U®DgO�U®94U®98[|{"�ºSVC®U®DKO�U:92U:925bSx}z5][®9fRN[]5b98[]D�D>0-5b36C®lb923694S�DLY
ÿfU:D�g�RTS�[]92aZ94;(92lb=çv89f}4;RNv89-C®92;<r<02;<3 RTSVg�9 v8U:9�D>0-üF98RNvfIp� rLIX�:5bSV9 � ü��W���
ÿfl]04g,�u5bSx}4YN�FhV94;(9 R�ÿul]02g,�u9fv g�94lbl:RTD�D^hV9�hV98RNv 02rxRlO�U:92U:9�C®;�92aZ92SVD>[:g�94lbl][:�F5bD^h
U®SVÿulc04g,�u98v�CBRTD^hx[:rL;�043 C:;�02g�929fv85bSx}f{�ü�04�F92aZ94;sYND^hV9-ü��V��C®;�04ÿflb943 g�RTSFÿf9
RTlblb92aZ5]RTD^9fv ÿu=H365>�5bSx}��F5bD^h R#g�RT;(94rLU®lblb=Hg�hx0f[c94S 04U®D^C®U:D�ONU®92U:925bSx}H[]D^;RTD^98}�=�Y802;
�F5bD^h�02DLh�94;�04C®92;RTD^5]02Sx[¹[]U®g�h RN[:�F5bSxvö02�F5bSx}Y\L�Nq!^¦YZRTS�v [|0 v:0498[¹RTC®C:98RT;�04S
[|02369 []�F5bD^g�hV98[|{M�eU:D^C®U®DoONU®92U:925bSx}-hxRN[@ÿu9294S6[]hx04�FS D<0 ÿf9�D^hV9804;(94D^5bg�RTlblb=�04C®D^5bI
3_RTlbYN�F5bD^h�[]hxRT;(98v 02U®DLC®U®DKO�U:92U:925bSx}zC®;�02aZ5]v85bSx}zD^hV9 04C®D^5b3_RTl:v894l]RT=fILD^hV;�02UB}�hVI
C®U®DVC®92;<r<02;>3_RTSVg�98{"�eS�R�CB04;>D�04;�g�02SVSV92g�D^5]02SFÿöRN[]5][]YZ02U:D^C®U®DVÿfU®rsrL94;�[:g�RTSFÿf9
v8;RT�FS�rL;�043 Rxg�02363_04S []hxRT;(98v ÿfU:rsr^94;öCB0804l � E�õA@ õ¹�¦YDLh�04UB}�h [|04369�aZ94Sxv:02;[
D>R��u9	D^hV9 04C®CB0f[]5mDL9 []D^;RTD^98}�= RTSxv UB[]9	S�04SVI<[]h�RT;�98vF02U:D^C®U®DfÿfU:r§rL94;�[ � GJD^;RTD>RTg�043_�
[|0 RN[:D>0�}�UBRT;�RTSVD^949�ÿuU®rsrL92; RTa\RT5bl]RTÿu5blm5bDL=�D>0-92aZ94;>=XCB02;<D�02;xg�04S�SV94g�D^5]04S�{

jk08[]D�[]�F5bD^g�hV9f[:UB[]9 04U®D^C®U:D�ÿfU:r§rL94;�[]YND^hV9-3_R���02;<5mDL= 04rV�FhV5bg�h�RT;(9 []hxRT;(9fv:{
�LSVC®U:D�ÿfU:r§rL94;�[¹RT;(9-3_02;�9�lb5>�u92lb=XD>0 RTC:C®98RT; 02SFl]RT;�}�92; [c� 5mDLg�hV98[]YNCBRT;<D^5bg�U®l]RT;<lb=
04S�9f[:�FhV5bg�hFhxRTau9�v85b;(94g�D�5bSVD^94;>r<RTg�9f[:D>0 04D^hV92;xC®;�02D<02g�04l][ � 98{~}u{NR�SxRTD^5bau9-tu;�RT369
AB94l]RT= 04;�GJj_`HGH5bS�D^94;>r<RTg�98�L{
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�eSV9�02rVE�õ:j�D�[:3_RT5bSFrLU®SVg�D^5]04S 5][¹[]94D^D^5bSx}-U:Cog�RTlbl][]YZ02;g�B5b;>D^U¹RTl8i�h�RTSVSV94l8iH02SVI
SV92g�D^5]02Sx[ � � i iH[|�^{�ieRTlml8g�02SVD^;�04l:v894D^92;<365bS�9f[:D^hV9�;�04U®D^9�02rVD^hV9-g�RTlblbYZ}�;�RTSVD>[
;(9f[|02U®;�g�98[¹RTg�g�02;�v85bSx}-D<0 v89f[]5b;(98v�O�UBRTlb5bD^=ç04rx[c94;>aZ5bg�94YZRN[|[]5c}�Sx[��1�I�<����i��LYZRTSxv
98[]D>RTÿulb5][]h�9f[:D^hV9�g�04SVSV92g�DL5c04Sx{

�LS R v85][]D^;>5bÿuU®D^9fvo[]�F5bD^g�h g�02SVD^;�02l®RT;�g�hV5bD^92g�DLU®;(94Y�98RTg�h [c� 5mDLg�h hxRN[®5bD>[B02� S i��I�
RTSxv [|02rLDL��RT;(9��F5bD^h��FhV5bg�h�D>0	C®92;<r>04;>3 g�RTlml�g�02SVD^;�04l�D>RN[&�ö[|{ d 5bD^h�Rxg�92SVD^;�RTlb5>HN9fv
[]�F5bD^g�hFg�02SVD^;�02lbYuR []5bS�}�lb9�g�0436C®U®D^94;�C®92;<r>04;>3_[:g�02SVD^;�02l8D>RN[&�ö[|{Ti�U®;>;�92SVD�g�92SVD^;RTl
g�04SVD^;�04l®[]=\[]D^943 []YNU¹[]UBRTlblb=çR���02;	�ö[]D>RTD^5]04SVYZRT;(9�g�02SVSV92g�D^98v�D>0�D^hV9-E	õöj��:Ee/
ÿf=Y�:DLh�94;>SV94DpBND^;�U:9�E�õ:j g�02SVSV94g�D^5]02Sx[:g�RTSFÿu9�9F�C®92g�DL98v�[|0f02Sx{

õöh�9�RNv8a�RTSVD>RN}�98[¹04rxR�g�92SVD^;RTlb5[HN9fv�[]�F5bD^g�h g�02SVD^;�04l:[]=ö[]D^943 RT;(9-D^hxRTD�5bD�g�RTSFUB[]9
R�l]RT;�}�92YNg�RTCBRTÿflb9-3_RTg�hV5bS�9-r<02;xg�RTlbl8C®;�04g�98[|[]5bSx}�YNl]02�F94;�g�0f[]D�r<02;xC®;�04g�98[|[]5bSx}
CB04�F92;^Y«RTSxv g�92SVD^;RTl�RNv8365bSV5][]D^;�RTD^5]04S�r<02;örL98RTDLU®;(98[x[]U®g�h RN[�aZ5b;<D^UBRTlÁ�öEH/FG@{n�ºD85][
RTl][|0�9fRN[]=�D<0�5b36C®lb923694SVD^YN3_RT5bSVD>RT5bS RTSxv�U®CB}�;�RNvf98{Tõöh�9�v85][|RNv8a�RTSVD>RN}�98[¹RT;(9
D^hxRTD�D^hV9-g�92SVD^;RTl8g�02SVD^;�02lblb92; RTSxv D^hV9 []�F5bD^g�hFD>0��FhV5bg�hF5bD�5][¹RTD^D>RTg�h�9fv�RT;(9-ÿö04D^h
[]5bSx}4lb9-CB025bSVD>[¹04rVr<RT5blmU:;(92YZRTSxv�D^hV9���04;��\[]D>RTD^5]02SF5][¹R�ÿö04D^D^lb94S�94g,�Xr<02;xg�RTlbl8C®;�04I
g�9f[|[]5mSx}u{"�LDxv:029f[:Sx02D�[]g�RTlb9�RN[:D^hV9�SV92DL��02;	� }�;�04��[¹RTSxv 36UB[]D�hxRTaZ9�5bD>[:g�RTC¹RTg�I
5bD^=X5bSVg�;(98RN[]9fv�RN[¹[]�F5bD^g�hV9f[]YNlm5bS��\[¹RTSxv hx08[]D>[¹RT;�9 RNv:vf98v D<0�D^hV9�SV94D^��04;��\{
AB94g�02aZ94;>=XD^5b369�rL;�023 R�SV92D^��04;��ç04U®D>RN}�9�5][¹RTSF5][|[]U®9 []5bSVg�9�RTlbl:[]�F5bD^g�hV98[:36U¹[cD
;(9fRTg�hFD^hV9�g�02SVD^;�04lblb92; v8U®;<5bS�}z;(94g�04au94;>=�{�õ:hV94;(92r<04;(92YNg�92SVD^;RTlb5[HN9fv g�RTlml8g�02SVD^;�04l
[]=\[cDL923_[¹RT;(9�02SVlb=XC®;�RTg�DL5bg�RTl85bS��öEH/ 92SVaZ5b;�04S�3694SVD>[|{

i�94S�DL;�RTlb5>HN98v [c=\[]D^943_[®U¹[]UBRTlblb=ç02rsrL92;x;(98vfU®Sxv:RTSVg�=Xÿu= RNvöv85bSx}�04SV9 04;�3_04;(9
RNv:vf5bD^5]02SxRTl8g�04SVD^;�02lblb94;�[¹04S D^hV9-SV92D^��04;��\{"�LrVD^hV9-g�RTlbl8g�04SVD^;�02l:[]=\[]D^923 04;�D^hV9
[]�F5bD^g�hFD>0-�FhV5bg�hF5bD�5][¹RTD^D>RTg�hV98v�r<RT5bl][cYNDLh�94S�R�;(98vfU®Sxv:RTSVD�g�04SVD^;�04lblb92;�D<R��f9f[
04au94;�{I�ºr«DLh�9�SV92D^��04;�� ÿf94g�02369f[�[]98}�3692SVD^9fv8Y�D^hV92S D^hV9�g�02SVD^;�02lblb94;�[Z3_RTSxRN}49�D^hV9
[]92g�D^5]02Sx[B04r�D^hV9 SV94D^��02;	��D^hV92=�g�RTS ;�98RTg�h�{¹õ:hV9�C®5bD^r<RTlbl][B04r�;(9fv8U®Sxv:RTSVD�g�02SVD^;�02lbI
lb92;[¹RT;(9 []=uSVg�hV;�04SV5[HN5bSx}z;(9fv8U®SxvöRTS�D�g�02SVD^;�02lblb92;[MD�5bSVr<02;<3_RTD^5]02S � R�ÿöRN[]5bg�C®;�02ÿuI
lb923 5bS�v85][]D^;<5bÿfU®DL98v�[]=\[]D^923_[|�¦YZRTSxv 5bD�5][¹[]D^5blbl8CB0f[�[]5bÿulb9�D>0�[]98}�3692SVD�R�SV92DL��02;	�
�F5bD^hx02U:D�R�g�04SVD^;�04lmlb94;�D^hxRTD�g�RTS ;�98RTg�hF5bD>{��:;(98[]U:3_RTÿflb=XD^hV9�D>04CB02l]0f}�=��F5blbl8ÿf9
v89f[]5]}4SV9fv D>0�RTa\045]v D^hV5][¹[]5bD^UBRTD^5]04SVYNÿfU®D�DLh�9-g�04SVD^;�02lblb94;�l]04g�RTD^5]02Sx[:ÿf94g�04369 RTS
9)�DL;�R�r<RTg�D>04;�5bSFD>04CB02l]0f}4=çv89f[]5]}4Sx{

õöh�9�RNv8a�RTSVD>RN}�98[¹04rxR v85][]D^;>5bÿfU:D^98v []=ö[]D^943 RT;(9�;�02ÿuUB[]D^SV98[|[]Y$O�U:5mg3��g�02SVSV92g�D^5]02S
[]92D^U:C RTSxv r<RTU®lbD�;�92g�04aZ92;<=�YZRTSxv 5bSVhV92;�92SVD�[]g�RTl]RTÿf5blb5bD^=Xr<04;�5bSVg�;(9fRN[]98v�vf5][cD<RTS�g�98[
RTSxv SV92DL��02;	� []5>HN9 � v892Sx[]5bD^=�YNSVU:36ÿf92; 02rVhx04CB[:ÿf94D^�F9294SF92Sxv8CB045bSVD>[|�L{"�LS�R v85][]I
D^;<5mÿuU®D^9fv�[]=\[]D^9236YN5bS�02;�v892;xr<02;xD^hV9�94S�DL5m;�9�SV94D^��02;	��D<0�ÿf9-U®SV;(9fRTg�hxRTÿflb94YN92aZ92;<=
Sx08vf9�hxRN[:D>0-ÿf9 vö02�FSx{�iHRTlbl8C®;�04g�9f[|[c5bSx}zCB04�F92;x5c[:5bSVg�;�98RN[]98v��F5bD^hF92aZ92;<=
[]�F5bD^g�h�RNv:vf98v�D>0�D^hV9-S�94D^��04;��\{�õ:hV9-g�hV5b92rxv85][|RNvfa\RTSVD>RN}�9-5c[:D^hV9-5bSVg�;(9fRN[c9fv
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g�0f[]Dö02r\R�[]�F5bD^g�h�r<04;öD^hV9H02SVILÿö0fRT;�vHC®;�02g�98[|[|02;^Y25bSçRNv:v85bD^5]04SXD>0 RNvöv898vHg�0436C®lb9)�I
5bD^=Xr<02; [|02rLD^��RT;(9-U®CB}�;�RNvf98[¹RTSxv ÿ\RTg,�u��RT;�v g�0236CBRTD^5bÿu5blm5bD^=X�F5bD^h�04l]v�[]�F5bD^g�hV9f[
5bS�R�SV92D^��04;��\{

jk08[]D�aZ92Sxv:04;�[:U¹[]9 R v85][]D^;<5bÿfU®D^9fv�[]=\[]D^9236YNC®;<5b3_RT;>5blb=Xr<02;�;�98RN[|04S�[¹04rV;�04ÿfUB[]D^I
SV98[|[|{�G@04369 [|RT=X98RTg�h�[]�F5bD^g�h hxRN[:5bD>[¹04�FS C:;�02g�98[|[|02;^YNÿfU:D�g�92;<D>RT5bSFrLU®SVg�D^5]04Sx[
RT;(9-;(92lb9f}uRTD^98v�D>0 RTS�RTD^D>RTg�h�9fv ��04;��\[]D>RTD^5]02SVYNÿulbU®;>;<5bS�}zD^hV9�v85][]D^5bSVg�D^5]02S
ÿf94D^�F9492SFg�94S�DL;�RTl:RTSxv�v85][]D^;<5bÿfU®D^9fv:{

Call Control Comparison

Central Distributed

Robustness                        D           A

Distance scalability              D           A

Network size scalability          D           A

Connection setup speed            D           A

Fault recovery speed              D           A

Information exchange complexity   A           D

Cost per switch                   A           D

                    A   = Advantage

                    D   = Disadvantage
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jk08[]D�g�RT36C®U¹[]I^DL=fC®9�[]�F5bD^g�hV98[¹04rsrL92;�RTD�lb9fRN[]D��Nq�E	õöjýCB04;>D>[]YZRTSxv 3_0f[cD�5bSVD^94Sxv
D>0�02rsrL92;xU®CoD>0�qTwZ{�G@0�r<RT;xSx02SV9�02rVD^hV9�g�RT36C®UB[¹[]�F5bD^g�hV9f[:h�RTaZ9-;(92lb9fRN[]98v�R qTw
�ei�ILW CB04;>Dx[c�F5bDLg�hVYND^hx02UB}�h�[]92aZ94;�RTl � t\02;(94YNGJ=uS�� C®D^5bg�[|��5bSVD^92Sxv�D>08{ qTwl� i�ILW
CB04;>D>[:rL929fv:[:5bS�RTlb3_08[]D��NO"h ÿfCB[]YZ04rV�FhV5bg�hFg�U®;<;(92SVD^lb=ç04S�lb=Xg�RT;<;>5b94;�[]�F5bD^g�hV9f[
RT;(9-g�RTCBRTÿflb9�02rVg�RT;>;>=u5bSx}z5bS D^hV945b;�r<RTÿf;<5bg�[|{

õöh�9-3_02;�9�CB04;>D>[¹R []�F5bD^g�hFhxRN[]YND^hV91S¹RTD^DL92;�RTSxv�3_02;(9-5bSVD^92;(g�02SVSV92g�D^98v�D^hV9�SV92D^I
��04;��XD>02CB04l]08}�=Xg�RTSFÿf9f{�j 04;(9-CB02;<D>[¹RTl][�0-r<RTg�5blb5bD>RTD^9f[:;(98vfU®Sxv:RTSVD�lb5bS��ö[:r<04;
g�;<5bD^5bg�RTl8g�04S�SV94g�D^5]04S�[|{�õöhV9�g�08[]D�04rVD^h�9-9)�D^;R�CB04;>D>[:3_RT=XS�04D�ÿf9(�ÔUB[]D^5>G:98v�r<02;
[]3_RTlblb92;g�:EH/�[:D^hxRTD�v:04SgD D�SV929fv�RN[:3_RTSV=çRN[BqTw C:92;�[]�F5bD^g�hx{

t\02;xD^hV9 []3_RTlblb92;�I^g�RTCBRTg�5bD^=Xg�RT36C®U¹[cILDL=fC®9�[]�F5bD^g�hV98[]YZ[]g�RTlm5bSx}zU®CoSVU:36ÿf92; 02r
CB04;>D>[:C®;(9f[]92SVD>[:5bSVD^92;<SxRTl:RT;(g�hV5bD^92g�D^U®;RTl8C®;�02ÿulb923_[|{�GJ5bSx}4lb94ILÿfU¹[BRT;�g�hV5bD^92g�D^U®;(9f[
l]08[]9-D^hV925b;xS�04SVILÿfl]04g,�u5mSx}XRNv8a�RTSVD>RN}�9�U:S�lb9f[|[:D^hV9�ÿfU¹[:g�RTSFÿf9�[]C®98v U:CoD>0-369292D
D^hV9 RN}u}�;(9f}fRTD^9-CB04;>D�v8943_RTSxv8YN�FhV5bg�hF5][:C®;�04h�5bÿu5bD^5bau94lb=Xg�08[]D^lb=�{�j RTD^;<5>FRT;(g�hV5bI
D^94g�D^U®;�98[:36UB[]D�RNvöv 3_02;�9 []D>RN}�98[]YN�FhV5bg�hF��04;��\[:�F92lbl8ÿfU:D�5bSVg�;(9fRN[]98[:CB045bS�D<[B04r
g�04SVD^92SVD^5]04S6RTSxvH5bSVg�;�98RN[]9f[@D^hV9 S�U:36ÿf94;�04r�[]D>RN}�9f[@D^hV;�02U¹}4h �FhV5mg�h6RBg�92lblJ36U¹[]D
CBRN[|[]YN5bSVg�;(9fRN[]5mSx}zD^;RTS�[]5bD�vf92l]RT=�{
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E	õöj g�02SVSV94g�D^5]02Sx[:�F5bD^hV5bS�R []�F5bD^g�h�RT;(9-5]v892SVD^5>G:98v�ÿf=çR�g�0436ÿf5bSxRTD^5]02S�04rxR
�B5b;>D^U¹RTl��BRTD^h � �1�B�k�º` � �1���<�VRTSxv�R"�B5b;<D^UBRTl8i�hxRTSVSV92l � ��iH�k�L` � � i��<�L{ � õ:hV9
�1�I�È�E��i��Vg�0236ÿu5mSxRTD^5]04SF5][¹02rLD^94S ;�92rL94;>;(9fv D>0�RN[����:i��x[]5bSVg�9-D^hV92;(9-5][¹[�04369
a�RT;>5]RTD^5]04SX5bSXhx02�íau94Sxv:04;�[xRTlbl]04g�RTD^9�D^hV98[]9��L` [|{~�1� iH[xRT;�9	DL;�RTSx[]CB02;<D^98vH�F5bD^hV5bS
�1�B[]Y2�FhV5bg�hX3_RT=oRN}u}4;(9f}uRTD^9�� iH[@D>08}�94D^h�94;�02;\C®;�04aZ5]v89HRTSXU®Sx[]D^;>U®g�D^U:;(98v vöRTD>R
C®5bC®9f{�GJ5bS�g�91�1�B[¹RTSxvV��iH[:3_RT=Xÿf9 []�F5bD^g�hV98v 5bSFD^hV9-E	õöjýSV92DL��02;	�fYND^hV9
�1�I�È�E��i��xRTDxv85brsrL92;(94SVD�92Sxv:[¹04rxR�g�04S�SV94g�D^5]04S 3_RT=XSx02DVÿf9�D^hV9�[|RT3698{�EHDV98RTg�h
lb5bS���ÿu92D^�F9492SFE�õ:j Sx08v89f[]YND^hV91�1�®i��@5][:9)�C®lb5bg�5bD^lb=XD^;RTS�[]l]RTD^9fv�RTSxv ;(94I
RN[|[]5]}4SV9fv:{

Edlb5b365bD^9fv SVU®36ÿu92;�04r��1�®i��È[B04S�R�CB02;<D�3_RT=X;(98[]D^;<5bg�D�D^hV9�SVU:36ÿf92; 02rxRTC®C:lm5bg�RTI
D^5]04S�[:D^hxRTD�g�RTS ;>U®S�[]5b36U®lbD>RTSV9f02UB[]lb=ç02aZ94;�D^hxRTD�[]94g�D^5]02S�04rVD^hV9�E�õ:j SV92D^��04;��uY
[|0�3_R��5b36U®3 SVU®36ÿf94;�02r$�1�®i��È[V5][#RTSX5b36CB04;>D>RTSVDug�04Sx[]5]v892;RTD^5]02S 5bSç[]94lb92g�D^5bSx}
Rz[]�F5bD^g�hx{¹õ:hV9�7¹RT=�EH;(9fRAh 5]}fRTÿu5bDZ/F92D^��04;�� � 7:EWh SV94D>��9236C®l]04=\[BRTS E	õöj []94;>I
aZ5bg�9 04rsrL92;(9fv ÿu=]�¹RTg�5>G:g�7:94lblbYN�Fh�5bg�hFUB[]98[:9fRT;>lb=X/ 94�Fÿf;<5]v:}�9 []�F5bD^g�hV9f[|{�ABU®SVI
SV5bSx}�04U®D�04r�� i��<[:C®;�04aZ98v D>0-ÿf9�R�C®;�04ÿflb923 r<04;�5bSVD^94;(g�04SVS�94g�D^5bSx}zhx08[]D>[:5bS�R
rLU®lblb=X3698[]hV9fv g�04S�G¹}�U®;RTD^5]02SVYZ[|0�r<04;�D^hV9436YND^hV9�SVU®36ÿu92;�04rxRTa�RT5bl]RTÿflb91�1�®i��<[
C®;�04aZ98v�D>0�ÿu9 R�lb5b365bD>RTD^5]02Sx{

�1�I�È[BRTSxv]� i��È[¹RT;(9�Sx04D�RNv:v8;�98[|[]98[|{"�1�®i��È[¹RT;(9-D^9236CB04;�RT;<5mlb=çRN[|[]5]}�S�9fv r<04;
36U®lbD^5bC®lb9F�5bS�}�Yuv89436U®lbD^5bC®lb9F�5mSx}�RTSxvo[]�F5bD^g�hV5bSx} R¹g�94lblJD^hV;�04UB}�h 98RTg�h lb9f} 04rZ5bD>[
D^;<5mC�D^hV;�02U¹}4hFD^hV9-SV92D^��04;��\{�t\02;�}�l]04ÿöRTl:RNv:vf;(98[|[]5bSx}�YNE	õöjýUB[]9f[:nZOTILÿf=uD^9
/FGJE'� � / 94D^��02;	�Y�¹RT=u92;�GJ94;>aZ5bg�9-EHg�g�98[|[��B045bSVD>�V[]g�hV92369f[:D>0�U:S�5&ONU®92lb=X5]v894SVI
D^5brL=XUB[]92;xCB02;<D>[|{

��iH[¹RTS�v]���¹[¹RT;(9 RTlb��RT=\[]YNÿf=çv89FG:S�5bD^5]04SVYNU®SV5]v85b;(94g�D^5]04S�RTl]{ d hV94S�RTlml]04g�RTD^5bSx}
�1�®i��@a\RTlbU:98[:D>0�R"�B5b;>D^U¹RTl8iH02SVSV92g�D^5]02SVYND^hV9 [|RT369-a�RTlmU:98[¹RT;(9-UB[]9fv 5bSFÿö04D^h
r<02;<��RT;�v�RTS�v ÿöRTg,�u��RT;�v�v85b;(94g�D^5]02Sx{|Edau5b;<D^UBRTl«g�04SVSV92g�D^5]04S g�RTS ÿf9 [|RT5]veD>0 g�02SVI
[]5][]D�02rVD^��0-aZ5b;>D^U¹RTl8g�hxRTS�SV94l][ � 02SV9�5bSF9fRTg�h�v85b;(94g�D^5]04S��L{ d hV94D^hV92;�04;�Sx04D�ÿö04D^h
v85b;�92g�D^5]04Sx[BRT;(9�UB[]98v D^hV94S v892C:92Sxv:[B04S ÿöRTSxvf�F5]v8D^h RTlbl]04g�RTD^5]02SFr>04;�D^hV9 aZ5b;<D^UBRTl
g�hxRTSVSV92l][|{

EdiHRTlbl85][¹RTSF92SxvfILD>02IL94S�v RN[|[|02g�5]RTD^5]04SFÿf92DL�F9294S E�õöjý94S�vfCB025bSVD>[|{�E��B5b;<D^UBRTl
i�hxRTSVSV92l8iH04S�SV94g�D^5]04S � ��i�iH��5][¹R�g�04SVS�94g�D^5]04SFÿf92DL�F9294S DL��0�SV925]}�hVÿö04;>5bSx}
92SVD^5bD^5b9f[V5bS D^h�9�E�õ:j SV94D^��04;�� � hx02C:ILD>02ILhx02C¹�L{K�LSXD^hV5][@3_08v894lbY8RBg�RTlbl�3_RT= h�RTaZ9
3_02;�9�D^hxRTS�02SV9-g�04S�SV94g�D^5]04S�{"� SV9���RT=XD>0-5m36C:lm943692SVD�R�g�RTlbl«365]}�hVD�ÿf9-D>0
RN[|[]5]}4S�R"�1�I�#RTSxv D>0-D^;�RTSx[]l]RTD^9�D^hV9j� i��<[¹RTD�98RTg�hFh�04Co�FhV5blb9�3_RT5bSVD>RT5bSV5bSx}-D^hV9
�1�I�È{�õ�;RTSx[cl]RTD^5]04S�02r��1�I�È�E��i��@3_RT=�ÿu9�SV92g�98[|[|RT;>=X5brVD^hxRTD�g�0436ÿf5bSxRTD^5]04S 5][
RTlb;(9fRNv8=XUB[]98v RTD�R }�5bau94SFCB02;<D>{
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E }u}�;(98}uRTD^9�[]�F5bD^g�hFg�RTCBRTg�5bD^=�5][:D^hV9-3_R��5b36U:3 SVU®36ÿf94;�04rVÿf5bD>[:D^hxRTD�g�RTSFCBRN[|[
D^hV;�04UB}�hFD^hV9 []�F5bD^g�hFr<RTÿu;>5bg�C®94;�[]92g�02Sxv:{�Eo}u}4;�98}uRTD^9�CB04;>D�g�RTCBRTg�5bD^=X5][:D^hV9
3_R��5b36U®3 SVU®36ÿu92;�04rVÿf5bD>[:D^hxRTD�RTlbl8CB04;>D>[¹04SFD^hV9 []�F5bD^g�hFg�RTSFrL9498v 5bSVD>0-D^hV9
[]�F5bD^g�hVYN�F5bD^hFg�04SVD^5bSVUB02U¹[:D^;�RTrJG:g�;�U:SVS�5bSx}X02S�RTlbl8CB04;>D>[¹RTD�D^hV9-hV5c}�hV9f[cDx[cU:C®I
CB04;>D^9fv�v:RTD>R�;RTD^98{

G@043ç9-au94Sxv:04;�[®g�l]RT5b3ýR�hV5c}�hV92;�[]�F5bD^g�h g�RTC¹RTg�5bD^=�D^hxRTS�RTlbl«D^hV9�CB04;>D>[:5bS R�3_R��5bI
36U®3 g�02S�G¹}4U:;�RTD^5]04S g�RTSFr^9498v�5bSx{ d h�5blb9-5bD�D�[:CB0f[�[]5bÿulb9�D^hV9 []�F5bD^g�hFg�RTSFCBRN[|[
D^hxRTDZSVU®36ÿf94;	02r�ÿf5bD>[®5bS�DL92;>SxRTlblb=�Y45bDZg�RTSVSx02DZCB0f[|[]5mÿulb= C®U:D\04U®DZ3_02;�9 ÿf5bD>[®D^hxRTS 5bD
D>R��u98[:5bSVYZ[|0 []�F5bD^g�h g�RTCBRTg�5bD^=Xa�RTlbU®98[:3_RT=XSx02DV;(9)S:94g�D�D^hV9�RTg�D^UBRTl8ÿu5bD^;�RTD^9-g�0236I
5bSx}�04U®D�04rVD^hV9 []�F5bD^g�hVYNS�04D�D>0-3692SVD^5]02S�RNvöv85bD^5]02SxRTl:vf92l]RT=\[:5mS�04U®D^C®U:D�ÿfU:r§rL94;�[|{

õöh�94;(9-5c[¹RTSx04D^hV92;xg�02363_04SF365][cg�RTlbg�U®l]RTD^5]04SF5mS�vf92;<5maZ5bSx}zD^hV9 []�F5bD^g�hFg�RTCBRTg�5bD^=
rL;�043 D^hV9�CB04;>D�g�RTCBRTg�5bD^=�{�G�� /��öõ�lb5bSV98[¹RT;�9�ÿf5]vf5b;(92g�D^5]02SxRTl^?�BND^hxRTD�5][]YND^hV92;(9-5][
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Sx02U¹[:õ�;RTSx[]r^94;�GJ5]}�SxRTl]��g�hxRTSVSV92l][:r<02;x92lb94g�D^;>5bg�RTl®[]5]}�SxRTlblb5bS�}�YZ04;K�ei�I<� � � C®D^5bg�RTl
iHRT;>;<5b92;��g�hxRTSVS�94l][:r<02;xD^hV9 04C®D^5bg�RTl:[]5]}4SxRTlblb5bSx}u{�EHS��ei�ILW � 04;�GJõöGJILWZ��g�hxRTS�SV94l
5][:g�RTCBRTÿulm9�02rVg�RT;>;<=f5bSx}zWl�ei�I<� � 04;�GJõöGJI^WZ��g�hxRTS�SV94l][¹RTD��TMNMZ{ MNnZO�j ÿ\�®[|{�EÜÛÑgÁD
5bSxv85bg�RTD^9f[VD^hxRTDfg�hxRTSVSV92l][xRT;(9�g�04SVg�RTD^92SxRTD^9fv:�ÈD^hV94=o02C®94;�RTD^9HRN[xR�[]5bSx}4lb9�g�hxRTSVSV92l
5bSx[]D^98RNv 02rVSF36U®lbD^5bC®lb9F�98v g�hxRTS�SV94l][�{"� i�IL/ RTS�v�GJõ:GJIL/ RT;(9-Sx02D�g�0436CBRTD^5bÿflb9
�F5bD^h]�ei�IL/Fg�RTSxv GJõöGJIL/Fg�Y;(9f[]C®92g�DL5maZ94lb=�{öEHS�GJõöGJIL/ [c5]}�SxRTl�g�RTS�ÿf9	g�RT;>;<5b98vF02S
RTSV=Y�ei�ILj YZRN[:l]04Sx}�RN[:j 5][¹}4;�98RTD^94;�D^hxRTS�02;x9�O�U¹RTl8D>0�/¢\L�!^¦YZRTSxv�RTD�/ ;�RTD^9f[|{
EHSFGJõöGHCB02;<D�g�RTSFD>RTl>�XD>0 RTS�� i CB02;<D��F5bD^h�RTSF92lb94g�D^;>5bg�RTlmILD<02I<04C®D^5bg�RTl8g�04SVau94;>I
[]5]02SFC®;�02aZ5]v89fv aZ5]R�D^;�RTSx[]g�945maZ94;�[|{

GJ`Hü 5][:D^h�9-i�i��ºõ:õ��E�ºõ�� � 5bS�DL92;>SxRTD^5]04SxRTl]��au94;�[]5]04S 04rVG��e/��:õ D^hxRTD�v89FG®SV9f[¹R
[]5b365bl]RT;�[]=uS�g�hV;�02Sx04UB[:36U®lbD^5bC®lb9F�5bS�}X[]D^;>U®g�D^U:;(92YN5bSF36U®lbD^5bC:lm9f[¹02rx�TMNMZ{ MNn j_ÿö�:[
GJõöj I<� � GJ=uSVg�hV;�02Sx04UB[:õJ;�RTSx[]rL92;xj 0fv8U®lb9f��g�hxRTSVSV92l][|{�EHSFGJõöj I<��rL;RT3ç9-5][
[]D^;�U:g�D^U:;�RTlblb=�9PO�U:5ma�RTlb94S�DVD>0 RTSFGJõöGJILWNg�rL;�RT3694YND^hx02U¹}4hF365bSx02; v85brsrL92;�92SVg�9f[
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3_R��u9�D^hV943 g�U®;<;(92SVD^lb=X5bSVg�0236C¹RTD^5bÿflb98{�GJ`Hü v:0498[:Sx04D�3_R��f9�R v85][]D^5bSVg�D^5]04S
ÿf94D^�F9492S�02C®DL5bg�RTl:RTSxv 92lb94g�D^;<5mg�RTl:[]5c}�SxRTlblb5bSx}�RN[:G�� /��öõ v:0498[]YZ[|0-D^hV92;(9-5][:Sx0
GJ`HüÝ�ei 9PO�U®5ba�RTlb92SVD>{

jk08[]D�aZ92Sxv:04;�[¹04rsrL92;K� i�ILW RTSxv `HGJILW!BNõ8E'Z(�xRTSxv õ��N���¹�N�8õ:WZ���:W RT;�9 RTl][|0
g�04363_02Sx{ÈiHRT;<;>5b92;�[]92;<aZ5mg�9	aZ94S�vö02;[xRT;(9	3_04;(9�lb5>�f94lb=HD<0	hxRTaZ9 d Ee/ 04rsrL92;<5mSx}u[]Y
RTSxv Sx04D�RTlbl«hxRTaZ9j�ei�ILWZ{

�ei�I<�Tn hx0f[]D�RTSxv CB04;>D�5bSVD^92;<r<RTg�9�RTa\RT5bl]RTÿu5mlb5bD^=X5][:g�U:;>;(94SVD^lb=�lb5b365bD^9fv ÿf=XD^hV9 []5blb5bI
g�04Sx{�j RTSV=XaZ92Sxv:04;�[¹RT;(9�RT5b365mSx}zr<04;KLen 04;KLeW �TKNKNM D<0�;(94lb98RN[]9j�ei�I<�Tn 5bSVD^92;<I
r<RTg�9f[|{�i�92;<D>RT5bS aZ94Sxv:02;[¹[]U®g�h�RN[:/F92�Fÿu;>5]v:}�9 RTSxv�õ:A d g�l]RT5b3Þ�ei�ILwNp r<04;
5bSVD^92;<SxRTl:[c�F5bDLg�hV5bS�}XRTSxv SV94D^��02;	��5bSVD^94;>r<RTg�9f[�ÿf94D^�F9294SFD^hV925b;�04�FS�[]�F5bD^g�hV98[|{

                      SONET & SDH Frame Formats

SONET SDH Mb/s

         OC-1 / STS-1          n/a          51.84

         OC-3 / STS-3         STM-1        155.52

         OC-12 / STS-12       STM-4        622.08

         OC-48 / STS-48       STM-16      2488.32 (2.5 Gb/s)

         OC-192 / STS-192     STM-64      9953.28 (10 Gb/s)
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                 Typical ATM Port/Network Interfaces

Format Mb/s Physical

            T1            1.5           copper/coax

            E1            2             copper/coax

            E3            34            coax

            T3            45            coax

            DS-3          45            coax, fiber

            4B/5B         100           fiber

            TAXI          100           fiber, UTP/STP

            TAXI          140           fiber

            STM-1         155           fiber, UTP/STP

            STS-3(c)      155           UTP/STP

            OC-3(c)       155           fiber

            STM-4         622           fiber

            STS-12(c)     622           fiber

            OC-12(c)      622           fiber

óZê éNë ��ï î �L��øBù î �T�Lò �n� ò î � � � 2 �T� � �

G@043ç9-CB04;>D�3_0fv8U®lb9f[¹02SFE	õöj []�F5bD^g�hV98[:3_RT=XC®;�04au5]vf9 v85b;�92g�D�5bSVD^94;>r<RTg�9f[:D>0
�:Ee/ RTSxv d EH/ C®;�04D>02g�04l][¹[]U®g�h�RN[��:D^hV94;>SV92DLYND>0)�u92SF;<5bS�}�YNrL;RT3ç9-;(94l]RT= RTSxv
tu`H`Ù�È{��B04;>D>[¹[]U:g�h�RN[:D^hV98[]9 RTlbl]04� D^hV9 []�F5bD^g�h D>0-ÿf94hxRTau9�RN[¹R�ÿf;<5]v:}�9 RTSxv
[]�F5bD^g�hÌ�:Ee/íD^;�RTrJG®g�5bSVI^ÿ\RTSxv � 365>�98ve�F5bD^h E	õöj D^;RTrJG®g��L{xõöhV98[]9 CB02;<D>[#v:0�Sx04D
[]92Sxv�04;�;(94g�925baZ9�E�õ:j g�92lbl][]YNSx02;�vö01�H/��x02;x/ /��x[]5]}�SxRTlmlb5bSx}7BN;�RTD^hV92;�DLh�9j�H/��
5][:5bSVD^98}�;�RTD^9fv 5bSVD>0-D^hV9�SxRTD^5baZ9�5bSVD^94;>r<RTg�9f{�üF92SVg�94YND^hV98[]9�C¹02;>D<[BRT;�9�Sx04D�g�02Sx[]5]v8I
92;�98v E�õöjýCB04;>D>[|{"�:5]}�hVD>[]D^;(9fRT3 5][¹RTS 9FVRT36C®lb9�D^hxRTD�C®;�02aZ5]v89f[AaT98v:}�9-CB02;<D>[Mb
r<02;g�:D^hV94;>SV92D^YNtu`H`'�LYND<0)�u92SF;>5bSx}�YZRTSxv rL;�RT369-;(94l]RT=�{

jk08[]D\[]�F5bD^g�hV9f[xRTl][|0 h�RTaZ9e02U®DLI<02rLILÿöRTSxvHSx04SVILE	õöj CB04;>D>[@ÿfU:5blbDu5bSXr<04;�RNv8365bSV5][]I
D^;RTD^5bau9-;(9fRN[�04Sx[:D^hxRTD�RT;(9�Sx04D�g�04U®SVD^9fv 5bSFD^hV9�CB04;>D�g�02U®SVD>{�õJ=uC®5bg�RTl85bSVD^92;<r<RTg�9f[
RT;(9�[]92;>5]RTlbY!�öD^hV92;>SV94D�02;xtu` `'�È{

óZê ééßr � ìKq òX8 î ��+X+Lò î 8

E��H/�� � �o[]92;(ILD>04IL/F92D^��04;��]�ºSVD^92;<r<RTg�98��5c[¹RTS E	õöjýtö04;�U:3ý[]D>RTSxv:RT;�v D^hxRTD�[]C®94g�I
5>G:98[®D^hV9e[]5]}�SxRTlblb5mSx}-ÿf94D^�F9492S RTS 92Sxv:[]=\[]D^923 � 9f{~}u{|g�0236C®U:D^92;^Y�;�04U®D^94;���RTSxveDLh�9
E	õöj S�94D^��04;��\{�õ:hV9j�H/��x[]D>RTSxv:RT;�v�5][:g�U®;<;(92SVD^lb=çRTD�;(94aZ5][c5]04SFWZ{~OTYN�F5bD^hFaZ92;>I
[]5]02SFWZ{~��U:S�vf92;xg�02Sx[]5]v894;�RTD^5]04SFr<02;�ÿ\RTlbl]02DpBZRTSxv � 5mDLh SV94� rL98RTD^U:;(98[ � []U:g�h�RN[
RTSV=ug�RN[]D�RTSxv�RTSFEH7öA []92;>aZ5bg�9-g�l]RN[|[|��U®Sxv894;�vf5c[]g�UB[|[]5]02SFr<04;K�H/��VwZ{~ON{

jk08[]D�[]�F5bD^g�h�RTSxv 5bSVD^94;>r<RTg�9-g�RT;�v�au94Sxv:04;�[:ÿf94l]02Sx}zD>0�D^hV9-E	õöjýt\04;�U®3 RTSxv
RT;(9-5bS�a�04lbau9fv 5bS�[]5]}�S�RTlblb5bSx}X[]D>RTSxv:RT;�vö[®C:;�02CB0f[|RTl][|{ � i U®;>;�92SVD�369236ÿu92;[]h�5bCo5][
04au94;�MZONOTYN3_R��u5bSx}-5bD�hxRT;�vf92;xr<02;xD^hV923 D>0-;(98RTg�h RN}�;(94923694SVD>[|{~� EHlbl8aZ92Sxv:04;�[
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D^;<=�D>0-ÿf9�[]D>RTSxv:RT;�v:[:g�0236C®lb5]RTSVD^YN�FhV5blb9 04rsrL92;>5bSx}zrL98RTD^U:;(98[:ÿ\RN[]98v�04SFC®;(9f[]D>RTSVI
v:RT;�v 3692D^hx0fv:[|{

�H/��#[c5]}�SxRTlblb5bS�}z5][:ÿöRN[]9fv�04S 7öIX�LGJ`H/ÝLo{ nNKNWZ� []5]}�S�RTlblb5bSx}�YN�F5bD^hF9)�D^94Sx[c5]04Sx[:D>0
[]U®C®CB04;>DVCB025bSVD^ILD>04IL36U®lbD^5bCB045mSVD�g�02SVSV92g�D^5]02Sx[|{"�H/��VWZ{~��5][:Sx04D�ÿöRTg,�u��RT;�v�g�043çI
CBRTD^5bÿulm9-�F5bD^h��H/��VWZ{~ON{Ñ? GJ5]}�SxRTlblb5bS�}zC®;�02g�9fv8U:;(98[:5bSVg�lbUBvf9�D^hV9-UB[]9 04rxRNv:vf;(98[|[]I
5bSx}-D<0�l]04g�RTD^9�E�õ:j 92SxvfCB025bSVD>[]YZRTlbl]02g�RTD^5]02S�04rV;(98[|04U®;(g�98[ � �1�I�<����i��LY
ÿöRTSxvf�F5]v8D^hx��r<02;xUB[]92;xg�04S�SV94g�D^5]04S�[]YZRTSxv SV9f}f04D^5]RTD^5]04S ÿu92D^�F9492SFE�õ:j 92SxvfI
CB045bS�D<[Zr<04;¹[]92lb94g�D^5]02S 04r894Sxv8ILD>04IL92Sxv C®;�04D>02g�02l][�RTSxv D^hV925b;:CBRT;RT3692D^94;�[ � 98{~}u{<g�94lbl
;�RTDL9 RTSxvVLeU¹RTlb5bD^=ç02rVGJ92;<aZ5bg�98�L{

GJ5bSVg�9-E	õöj v:0498[¹04U®D^I<04rLILÿöRTSxv � Sx04D�365>�9fv 5bSF�F5bD^hFUB[]94;�v:RTD<RN��[]5]}�SxRTlblb5bS�}�Y
36U®lbD^5bC®lb9�[]5]}4SxRTlblb5bSx}�[]g�h�943698[:g�RTS g�029F�5][cDVÿf=XUB[]5bSx}�vf5br§rL94;(92SVD�;�98[]94;>aZ98v [c5]}�I
SxRTlblb5bS�}zg�hxRTSVSV92l][|{�üF94S�g�92YNaZ92Sxvö02;[®g�RTSFg�02SVr<04;>3 D>0�[]D>RTS�vöRT;�v:[¹RN[:D^hV94= RT;�9
RNv:04C®D^9fv �F5bD^hx02U:D�ÿöRTg,�u��RT;�v g�0436CBRTD^5bÿf5blb5bD^=X5][�[]U:98[]YND^hx04UB}�h ;�98RTlb5][]D^5bg�RTlblb=�Y
[]U®C®CB04;>DL5mSx}�R¹C®;�04D>02g�02l«g�04Sx[cU:3698[®36943 04;>= RTSxveC®;�02g�9f[|[]5bS�}-;(9f[|02U:;(g�9f[cY�3_R��uI
5bSx}eRBC:;�08vfU®g�Du3_04;(9 9)�C®94Sx[c5baZ9f{xE	õöj C®;<5bg�5bSx} 5][@aZ92;<= g�0236C®94D^5bD^5baZ92Yf[|0 D^hV92;�9
5][¹}�;(98RTD�5bSVg�94SVD^5baZ9�Sx02DVD>0 []U®C:CB02;<D�36U®lbD^5bC®lb9-C®;�02D>04g�04l][]YN92aZ92SFD^hx04UB}�h�R�au94SVI
v:04;��F5bD^h�R¹C®;�04C®;<5m94D>RT;>=ç[]5]}4SxRTlblb5bSx}-C®;�02D>04g�04l«3_RT=ç[�RT=X5bD�5][®9fRN[c=XD>0�g�hxRTSx}�9�D>0
R []D>RTSxv:RT;�v 02SV9f{

q ï 2 �X6��T� ��s©
�� �T�Lñ:� � �
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j_U®lbD^5bg�RN[]D � 36U®lbD^5bCB045bSVD^ILD>02IL36U:lbD^5bCB025bSVDfg�04SVSV92g�D^5]04Sx[|�45][xRNv8aZ94;>D^5][]9fvFRN[xRx3_R���04;
RNv8a�RTSVD>RN}�9 04rVE	õöj {�E�õ:j []�F5bD^g�h�RT;(g�hV5bD^94g�D^U:;(98[¹RT;�9 RTlbl8g�RTCBRTÿulm9�02rx[]94Sxv85bSx}
04U®D�R�g�94lbl8rL;�023 04SV9�CB04;>D�D>0-36U®lbD^5bC®lb9-CB02;<D>[:�F5bD^hV5bS R []�F5bD^g�hVYZRTS�v�3_08[]D�aZ94S�I
v:04;�[¹RNv8aZ92;<D^5][]9VaT36U®lbD^5bg�RN[]D�b�g�RTC¹RTÿf5blb5bD^=�5bSF;(92rL94;(94SVg�9�D>0��FhxRTD�5][:;(98RTlblb=çRTS 94rRG:I
g�5b94SVD�3692g�hxRTSV5][]3 r<02;����3�[��§©��à$���[��ÊÁ�X��¨k��YNSx04D�36U®lbD^5bg�RN[]D>{�i�94lbl8;(92C:lb5mg�RTD^5]02SF5][¹R
ÿöRN[]5bg�rLU:SVg�D^5]02SFD^hxRTD�94SxRTÿflb98[:hV5]}�hV92;(ILlb94aZ92l836U®lbD^5bg�RN[cDxRNv:v8;(9f[|[]5bS�}z3694D^hx08v:[|{

�eSV94IL��RT=�C¹025bSVD^ILD>04I^36U:lbD^5bCB025bSVD�g�02SVSV92g�D^5]02Sx[¹RT;(9�9fRN[]5blb=�5b36C®lb943692SVD^9fv 5bS
E	õöj ÿf92g�RTUB[]9 04rVD^hV9�94rJG®g�5b94SVD�g�94lbl«;�92C®lb5bg�RTDL5c04SF�F5bD^hV5bSFD^h�9�[]�F5bD^g�hV9f[cYZRTSxv
ÿf94g�RTUB[]9�02SVlb=ç02SV9-hx08[]D�SV929fv:[:D>0j�fSx04� D^hV9 RNvöv8;(9f[|[c9f[¹02rVD^hV9-;(92g�5bC®5b92SVD>[|{
ü�02�F94aZ92;^YN36U®lbD^5bCB045bS�D^ILD<02IL36U®lbD^5bCB045bSVD�g�04S�SV94g�D^5]04S�[¹RT;�9�3_04;(9�g�0236C®lb5bg�RTD^9fv:{
j_U®lbD^5bg�RN[]D�D�[:ÿ\RN[]5bg�5][|[cU:98[¹RT;(9-3_RT5bSVD>RT5bS�5bSx}XR�lb5][]D�02rV;�92g�5bC®5b94SVD>[ � }4;�04U®C
RNv:vf;(98[|[|�¦Y4SV929fv85bSx}eRB3694g�hxRTS�5][]3 D>0�DL;�RTSx[]l]RTD^9�D^hV9H}�;�04U®C�RNv:vf;(98[|[@5bSVD>0HRB36U®lbI
D^5bg�RN[]D�vf5][cDL;>5bÿfU:D^5]02S�04r�vöRTD>RTYZ[]92Sxv894;(Ix04;�;(94g�945maZ94;(IL5bSV5bD^5]RTD^98vj��025bSFD>0�R�36U®lbD^5bg�RN[]D

Ã(Ä�á�Ê�Ì8Ç#ÆÈÓ^Ë�àº·®Ë~Æ@ÍmÌ]Þ~Ì]ÍmÌ]ÒTÏLÐ Ò�w®Õ(Ò\Ê�É�á�Õ(Ë�Ì]áK|ÔNâ ÓsË~Õ(ÒTá�Õ(ÍmáKv~ã@Ä Ù(ÃzäNãz}TÞ~ÆÈÍ4Î>Î>ÅEÕcÑov~Î<Ì]Í>Ó|ÐÑÏLÌfÎ>É�Ì]ÏLÐºÒ�Ï�ÅJÆ�ÒTÚ
ÒTÌ]ÏLË~ÐÑÆÈÒIÕ@ÍbÐÑÌ]Ò�Ë�Ì]á�Ñ�ÍmÆÈË�ÆÈÏLÆ�àº}~Ö�°o®TÐÑÏX®®ÐÑÓ2Õ�w�Ì]ÒTÌ]ÍÔÕ(à(É�Ê�ÍbÉ�Æ�ÓsÌ�á�Õ(Ë�Õ8Ë�ÍÔÕ(ÒTÓsÞ~Ì]Í�àÑÕz·�Ì]Í�É�ÍmÆ¦Ó|ÐÑá�Ð Ò�w�ÖcÕ(Ç#ÆÈÒ,w�ÆÈË~®TÌ]Í
Ë´®�ÐÑÒ�w�ÓsÖ(Õ(Ó^ÓsÊ�ÍmÌ]áxá�Õ(Ë�ÕuË~ÍbÕ(Ò�ÓsÞ~Ì]Í�Ä
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[]98[|[]5]04S�YN5brxR�Sx04S�IL369436ÿf94;�04rVD^hV9 }�;�04U®Cog�RTSFÿf;�08RNvfg�RN[]D�D>0�DLh�9�}�;�02U:C
RNv:vf;(98[|[]YZRTSxv hx04� D^hV9 }�;�04U®C RNv:vf;(98[|[:5][¹RNv8aZ94;>D^5][]98vö{

�eSV9-C®;(98[]D>RTSxvöRT;�v�[|04lbU®D^5]02SFr<04;�E�õ:j 36U®lbD^5bg�RN[]D�5][¹04au94;>l]RT5]v C¹025bSVD^ILD>04I^C¹025bSVD
g�04SVS�94g�D^5]04SFD^;(929f[:�F5bD^h�R�36U®lbD^5bg�RN[]D�[]94;>aZ92; RNv8365bSV5][]D^;�RTD^5bSx}zD^hV9�g�04SVSV92g�DL5c04Sx[|{
õöh�5][:hxRN[:D^hV9�C®;�02ÿulm943_[¹02rxvf92l]RT=çRTSxv r<RT5blbU®;(9-CB02DL92SVD^5]RTl85bS�RTS�=ç[|04lmU:D^5]02SFD^hxRTD
5bSVa�02lbaZ98[¹R�g�94SVD^;�RTl8CB045bSVD^YNÿfU®DV3_RT=�ÿu9�D^hV9-ÿf98[]D�[|04lbU®D^5]04S }�5baZ92SF�FhxRTD�5][¹RTa�RT5blbI
RTÿflb9-�F5bD^hFg�U®;<;(92SVD�[]D>RTSxvöRT;�v:[|{

õöh�94;(9-5c[¹R }�;�04�F5bSx}-ÿu92lb5b94rVD^hxRTD�E	õöj�Dm[®36U:lbD^5bg�RN[]D�3692g�hxRTS�5][]3 36UB[]D�ÿu9 RTD
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g�94lbl8l]08[|[:;�RTD^5]0]ìo�!Â �L{"�öau94;>=ç[]C®92g�5>G®9fvVLo04GHg�l]RN[|[:369294D>[:C®92;<r<02;<3_RTS�g�9
;(9PO�U®5b;(943692SVD>[:r<04;�RA���3§�é!�������¦��Ê,����í�[]U®g�h�RN[:iH04S�[]D>RTSVD�7ö5bD�A-RTD^9 � i�7:A-�VRTSxvV�	RT;>5bI
RTÿflb9�7:5bDZA-RTDL9 � ��7:A-��RTSxv D^hV925b;	vf92;<5ba\RTD^5baZ9f[|{BEHS��HSx[]C®94g�5>G:98vWL�02G g�l]RN[�[®5bSxvf5mI
g�RTD^9f[:Sx0�a�RTlbU®9f[:r<02;�DL;�RTrJG®g	CBRT;�RT3694D^92;[|{

�eSV9�U®Sx[]C®92g�5>G:98v�[]92;>aZ5bg�9�U®Sxv894;�g�04Sx[]5]v892;RTD^5]02S ÿf=�D^hV9 E�õ:jýtö04;�U:3 5][®E�a�RT5blbI
RTÿflb9	7ö5bDfA-RTD^9 � EH7öA-�L{ d 5bD^hXEH7öABYDL;�RTrJG®gBCBRT;RT3692D^94;�[xRT;(9	Sx04D8g�02Sx[]5]v894;(98vFRTSxv
5bSx[]D^98RNv R"S¹02� g�04SVD^;�04l83ç94g�hxRTSV5][]3 D^hV;�02DLD^lb98[:D^;�RTrJG:g 04SVD>0�D^hV9-S�94D^��04;��uY
RTlbl]02�F5bSx}XR�g�94lbl8lc0f[|[:;�RTD^5]0�[]92;>aZ5bg�9�}�UBRT;�RTSVD^9498{TA-RTDL92ILÿöRN[]9fv�RTSxv g�;(98vf5bD^ILÿöRN[]98v
S¹02� g�02SVD^;�02l:[]g�hV943ç9f[¹RT;(9�U:Sxv892;xg�04Sx[c5]vf92;RTD^5]02SFr<02; []D>RTSxv:RT;�vf5[HZRTDL5c04SVYZRTSxv�R
;(94g�92SVDua\04D^9�5bSXD^hV9	E�õöj t\04;�U®3 õ�;RTrJG®g¹j RTSxRN}�923694SVDö}�;�02U:C ��RN[VD>0H[]U®C®C¹02;>D
;�RTDL92ILÿöRN[]9fvVS¹02� g�02SVD^;�02l83692g�hxRTS�5][]3 r<04;�EH7öA D^;�RTrJG:g�{�jkRTS�=XaZ92Sxvö02;[®C:;�02I
aZ5]v89-C®;(92I<[]D>RTSxv:RT;�v EH7öA []92;<au5bg�9�D>0fv:RT=�{

EHSx04D^hV92;�[]92;<au5bg�9 []U:C®CB02;<D^98v ÿf= RTSXU®Sx[]C®92g�5>G:98vÙLo04Gzg�lcRN[|[V5c[��HSx[]C®92g�5[G:9fv 7ö5mD
A-RTD^9 � �H7:A-�¦YZRTl][|01�uSx02�FS�RN[:ÿf9f[cD�94r§r<04;>D^YZRTSxv ÿu= [|043ç9�RN[®� 02;�[]D�94r§r<04;>D>{ d 5bD^h
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�H7öABYND^hV92;�9�5][:Sx0�3694g�hxRTSV5c[]3 D>0-3_RTSxRN}49-D^;�RTrJG:g RTSxv D^hV94;(9�5][:Sx0�[]92;>aZ5bg�9-g�0
g�0436365bD^3692SVD�rL;�023 D^hV9 SV94D^��02;	�\{(�ºSx[]D^98RNv8YND^hV9�UB[]92;�RTC®C®lb5bg�RTD^5]02S 5][:9)�C®94g�D^98v
D>0�RNv:RTC®D�D>0-D^hV9�D^5b3694ILa�RT;>5]RTÿflb94YZRTa\RT5bl]RTÿulb9�SV92D^� 02;��X;(9f[|02U:;(g�9f[¹RTS�v�;(92g�02aZ92;
rL;�043 g�92lbl8l]0f[|[�{
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Quality of Service Classes

 QoS     Traffic       Service

class parameters  class Application

 0      unspecified    UBR, ABR          best effort

 1      specified      CBR               voice, circuit emulation

 2      specified      VBR               video, audio

 3      specified      conn. data        data transfer

 4      specified      conn.less data    data transfer

iH04S�r<04;>3_RTSVg�9-g�hV92g3�f5bSx}

iH04S�r<04;>3_RTSVg�9-g�hV92g3�f5bSx}z5][¹RTSV= RTl]}u02;<5bD^hV3 D^hxRTD�g�hV92g3�ö[¹R�g�92lbl:[]D^;(9fRT3 RN}fRT5bSx[]D
D^hV9�DL;�RTrJG®g	CBRT;�RT3694D^92;[¹[c94D�U®Co5bSFD^hV9-D^;�RTrJG:g�g�04SVD^;�RTg�D>{�E�õ:j g�94lbl][®g�02SVD>RT5bS�R
i�94lml���08[|[��®;<5]02;<5bD^= � i����B��ÿu5bD>{�õ�;RTrJG®g�3_RTSxRN}�923694SVD�[]g�hV92369f[:g�RTSFUB[]9-D^h�9
i�����ÿf5bD�D>0-D>RN}zl]02�F94;(ILC®;>5]04;>5bD^=Xg�94lbl][¹RN[®D<RT;�}�92D>[:r<02; v8;�04C®C®5bSx}�YNÿfU®rsrL94;>5bSx}X02;
D^;(9fRTD^5bSx}�D^hV9eRN}u}�;(98}uRTD^9 02r�D>RN}u}49fv � i����AÐ®�N��RTSxveU®SVD>RN}u}�98v � i����AÐ:ON�ZRN[BRz[c94C®I
RT;�RTDL9�g�94lbl:[cDL;(98RT3_{

õöh�9-E	õöjýt\04;�U®3Þ�e/��#[]D>RTSxv:RT;�v v89f[cg�;>5bÿf9f[:D^hV9W����Ê,Æ3ËÌÅNª���Æ,�N�@RTl]}f04;>5bD^hV3_{TE
lb98R��u=�ÿfU:g,�u92D�RTl]}u04;>5bD^hV3 9)VRT365bSV98[BRTS RT;<;>5baZ5bSx}�g�92lbl®[]D^;�98RT3 r<04;�g�94lbl][®Sx02DZg�02SVI
r<02;<365bSx}-D>0-5bD>[:D^;�RTrJG:g�g�04SVD^;�RTg�D�RTS�v v85][]g�RT;�vö[:D^hV923_{�/�02SVg�04SVr<02;<365mSx}zg�94lbl][
RT;(9 v8;�02C®C®9fv 02;:D>RN}u}�98v r<02;¹v8;�02C®C:5mSx}	ÿu=F[]92D^DL5mSx}	5bD>[�i���� � i�94lmlÁ�¹0f[�[��®;<5]02;>5bDL=ö�
ÿf5bD�D<0 �N{

E vfUBRTlNlb9fR��f= ÿfU:g,�u92D:RTlc}u04;>5bD^hV3 D>RN}u[ZSx02SVg�04SVr<02;<365mSx}	D^;RTrRG:g RTSxv [c94Sxv 5bD«D>0 R
[]92g�02Sxv ÿfU®g3�f94D^Y�FhV5bg�h�3_RT= 04;ö3_RT=HSx02D:vf;�02C D^hV9	g�92lbl]{/�¹RTg�h�ÿfU:g,�u92D�D�[VD^;�RTrJG®g
g�04SVD^;�RTg�Dxv892D^94;>365bSV9f[®hx04� 5bD�5]v894S�DL5>G®9f[BRTSxv�D^;(98RTD<[BR�Sx04SVg�02SVr<04;>365bSx}zg�92lblbY
RTSxv 3_RT=XSx02D�ÿu9�D^hV9�[�RT369-r<02;xD^hV9�D^��0-ÿfU:g,�u92D>[|{

t\02;:5bSx[]D>RTSVg�92YD^hV9TG®;[]D«ÿfU:g,�u92D83_RT= g�hV92g3� D^hV9�U®SVD>RN}u}49fv g�92lbl�[]D^;(9fRT3 � i����AÐ:ON�
r<02;�GJU¹[]D>RT5bSV98v i�94lml8A-RTD^9 � GJi�Az��g�04SVr<02;<3_RTS�g�9 RTSxv D>RN}-Sx02SVg�04SVr<02;<365bS�}zg�94lml][]Y
RTSxv D^hV9�[c94g�04Sxv g�hV94g,�\[®DLh�9�RN}u}4;(9f}uRTD^9�D>RN}u}�98v RTS�v�U®SVD>RN}u}�98v � i��n�(Ð:O!î:�N�
g�94lbl:[cDL;(98RT3 r<04;K�:98R��Xi�92lbl8A-RTD^9 � �®i�Az��g�02SVr<04;>3_RTSVg�9f{

õ ;�RTr G:g�g�04SVD^;�RTg�D�C¹RT;�RT3692DL92;�[

õöh�9�E�õöjýtö04;�U:3 hxRN[¹RN}4;�9298v�04S []94au94;�RTl8D^;�RTrJG:g�g�04S�DL;�RTg�D�CBRT;�RT3694D^92;[]YuRTl]04Sx}
�F5bD^hFlb98R��u=XÿfU:g,�u92D�g�04SVr<02;<3_RTS�g�9�g�hV94g,�u5bSx}4YZRN[¹v89f[]g�;<5mÿu98v�ÿf92l]04�X{ôõJ;�RTrJG®g
g�04SVD^;�RTg�D<[BRT;�9�r<04;>3698v�ÿf=Xg�hx0f08[]5bSx}�04;�g�0236ÿf5bSV5bSx}zD^hV98[]9�C¹RT;�RT3692DL92;�[|{

�®i A-���®9fR���i�94lbl8A-RTD^9 � C®98R��\�
-
365bSV5b36U®3 5bSVD^92;�g�92lbl:[]CBRTg�5bSx}

i�`'�-�Ti�94lml8`H94l]RT=]�	RT;>5]RTD^5]04S
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-
3_R��5b36U®3 SVU®36ÿu92;�04rVÿöRTg3�fILD>04ILÿöRTg3� 04rVg�92lbl][¹[]94S�DxRTD�lb5mSV9-;�RTD^9
� D>04lb92;�RTSVg�9 []92D�ÿu=XS�94D^��04;��\�

GJi�A-�TGJU¹[cD<RT5bS�9fv i�94lbl8A-RTD^9 � RTaZ94;�RN}�98�

-
3_R��5b36U®3 RTaZ92;RN}49-;�RTD^9-g�94lbl][®g�RTSFÿf9 []94SVD�RTD�C®98R��X;RTD^9
� 5]{ 98{T3_R��5b36U®3 ÿuU®;[cDx[c5>HN9�RTD��®i A v85baZ5]v898v�ÿf=X365bSV5m36U:3
ÿfU:;�[]D�5bSVD^92;RT;>;<5ba\RTl8D^5b369f�

j_7:G@�Tj R��5b36U:3 7öU®;[cDVGJ5[HN9 � ÿfU:;�[]D>�
-
3_R��5b36U®3 SVU®36ÿu92;�04rVg�94lbl][®DLh�RTDVg�RTSFÿf9 []94SVD�RTD�C®9fR���;RTD^9

õ ;�RTr G:g�CB04lm5bg�5bS�}

EHl][|0j�fSx04�FS�RN[�� [|RN}�91�BRT;RT3692D^94;�iH04SVD^;�04l � �W�®iH�¦YND^;RTrJG®g	CB02lb5bg�5bSx}z5][:D^hV9
RTg�D^5]04SFD>R��u92SFÿf=XD^hV9�SV94D^��02;	�çRN}fRT5bSx[]D�Sx02SVg�04SVr<02;<365bS�}zD^;RTrRG:g � D^hV9-l]RT�
92SVr<04;(g�94;sYN5brV=\02U��F5blbl]�L{"�'�®i 5b36C®lb943692SVD>RTD^5]04SF5][®Sx04D�[]D>RTSxv:RT;�vf5>HN98v8YNÿuU®D
;�RTDLh�94;�[]C®94g�5>G:98v 5bSF;(94l]RTD^5]02SFD>0-D^hV9 []D>RTSxv:RT;�v lb98R��u=XÿfU®g3�f94D�RTl]}u02;<5bD^hV3 {��W�®i
5][:D^hV9�rLU:S�g�D^5]02SF5bSFD^hV9�lb9fR��f=XÿfU:g,�u92D�RTl]}u04;>5bD^hV3 D^hxRTD�D>RN}u[]YN3_02SV5bD>04;�[¹RTSxv�v85][]I
g�RT;�v:[:g�92lbl][|{

õ ;�RTr G:g []hxRTC®5bS�}

õJ;�RTrJG:g []hxRTC®5bS�}z5][:C®94;>r<02;<3698v�ÿf=XD^hV9�U¹[c94;�RTC®C:lm5bg�RTD^5]02S�04;�5bSFhx08[]D�RNv:RTC:D^92;
g�RT;�v:[:D>0�r<04;(g�9�R�g�94lbl®[]D^;�98RT3 D>0-g�04S�r<04;>3 D>0-5bD>[:SV92D^��04;��XD^;�RTrJG:g�g�04SVD^;�RTg�D>{

ïA§���¨k§e�[�«Ëlà$§©��¥X�N��à$�X��¨Á� 5][¹R�D^;RTrRG:g []hxRTC®5bSx}-rLU:SVg�D^5]02SFD^hxRTD�[]94lb92g�DL5maZ94lb= vf;�04CB[
g�94lbl][�{"�ºD�5][¹v85brsrL92;�92SVD�rL;�043 D^;�RTrJG:g�CB04lm5bg�5bS�}z5bSFD^hxRTD�5bD�v8;�02CB[:g�94lbl][¹RTD�D^hV9�CB045bSVD
04r�g�02Sx}�98[]D^5]04SFÿöRN[]98v 02SFD^;RTrRG:g�D^=uC®9 � 98{~}u{Ti�7:A-�¦YN�FhV94;(98RN[:D^;RTrJG®g�C¹02lb5bg�5bSx}
v8;�02CB[:g�94lbl][:ÿöRN[]98v 02SFg�04SVD^;�RTg�DVg�02SVr<04;>3_RTSVg�9f{�� []5bSx}-ÿuU®rsrL92;[¹RTD�D^hV9�9fv:}�9 04r
D^hV9�r<RTÿu;>5bg�YNC®;<5]02;<5bD^=�C:;(929436C®D^5]02SFg�RTS 9436C®D^=çR [|RTD^U®;RTD^98v�ONU®92U:9�5bSx[]D^9fRNv�02r
v8;�02C®C®5bSx}zg�94lblc[|{

ð �3�º�3�¦�X�[é��!¤F§JÊk������¨,���<YZ02;K�eÊk§e�ºËlà!ÊÁ��Æ,�N�kÀ$���N��ÊÁ§JÀ�YN5][¹R�D^;RTrJG®g�I<[]hxRTC®5bSx}zrLU®SVg�D^5]04SFC®92;<I
r<02;<3698v�5bS R []�F5bD^g�h�02S�RTSF98vö}49-CB02;<D>{"�LrxR�hx0f[]D�9)�g�9498vö[®5bD<[®DL;�RTrJG®g	g�02SVD^;RTg�D^Y
RTSX92SVD^5b;(9	rL;RT369 02;öC¹RTg,�u92Df5][�vf;�02C®C:98v ;�RTDLh�94;öD^hxRTS�g�02SVaZ92;<D^5bSx}�5bDfD>0	g�94lbl][�RTSxv
[]92Sxvf5mSx}z5bD�5bSVD>0�DLh�9-ÿöRTg3�fÿ\02SV9�SV94D^��02;	�uYN�FhV92;(9�[|02369-g�92lbl][:��04U®l]v lb5>�u92lb=Xÿf9
v8;�02C®C®9fv:{"�ºS 945bD^hV92;xg�RN[]92YND^hV9-rL;�RT369-;(9�O�U:5b;(98[:;�92D^;RTS�[]365][|[]5]02SVYNÿuU®D�[]92lb94g�D^5baZ9
rL;�RT369-l]08[|[:;(9fv8U®g�98[:g�94lbl8g�02Sx}�98[]D^5]04SFrL;�043 Sx04SVI<v8;�04C®C®98v�g�94lml][:5bS�R�rL;�RT3694Y
RTSxv hV92SVg�9�5][:92rsrL94g�D^5baZ9 RN[¹R�g�04Sx}49f[]D^5]02SFg�02SVD^;�04l:[]D^;�RTD^9f}4=�{

iH04S�}�9f[]D^5]02SFg�04SVD^; 02l

iH04S�}�9f[]D^5]02SFg�04SVD^;�02l85][:SV929fv89fv r<04;�D^;�RTrJG:g�Sx04D�[]D^;>5bg�D^lb=Xg�04SVD^;�04lmlb9fv ÿu=�D^;RTrJG®g
g�04SVD^;�RTg�D<[cYZRN[:5][:i�7öA RTSxvV� 7öA D^;�RTrJG:g�{
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iH04S�}�9f[]D^5]02SFg�RTS�[]92;<5]02U¹[clb=çv89f}�;�RNv89�RTSxv 92aZ94SFg�;>5bC®C®lb9-SV92D^��04;��XC®94;>r<02;<I
3_RTSVg�9f{Ttö04;�9FVRT36C®lb92YNg�04Sx}49f[]D^5]02S�RTD�R []�F5bD^g�h C¹02;>DV365c}�hVD�D^;RTSx[cl]RTD^9-5bSVD>0
v894l]RT=f9fv /FtuGHD^;�RTrJG:g�YN;(9f[cU:lbD^5bSx}-5bSF/FtuGHD^5b369804U®D>[]YN;(94D^;�RTSx[]365][|[]5c04Sx[]YN3_02;(9
g�94lbl][B[]94SVD^YN3_02;�9�g�04Sx}49f[]D^5]02S�RTSxv�vf92l]RT=�BN92aZ92SVD^U¹RTlblb=�lb9fRNv85bSx}zD>0 R []D>RTD^9�[]5b365mI
l]RT;�D>0�02SV9j�uS�04�FSF5bSFõ:i�� RN[:g�02Sx}�98[]D^5]04SFg�02lbl]RTCB[]9f{

i�94lml«l]08[|[®5bS6RTS E	õöjQSV92D^��04;���5][@g�RTU¹[]98veC®;>5b3_RT;<5blb= ÿf=�g�92lblbI<v8;�02C®C:5mSx}-�F5bD^hV5bS
[]�F5bD^g�hV9f[®� h�94SFD^hV92;(9-5][:g�02SVD^94SVD^5]02S�RTSxv hV94S�g�9�g�02Sx}�98[]D^5]04S�{�E []5bS�}�lb9�l]0f[]D
g�94lbl8g�RTSF;(98[]U:lbD�5bS�R�lc0f[]D�ÿfU:;�[]D�04;�CBRTg,�u94D�D>0�D^hV9-hV5]}4hV94;(ILlb92aZ92l8C®;�02D>04g�04lbYZ[�0�R
[]3_RTlbl8g�92lbl8l]0f[|[®;RTD^9�3_RT=X;(9f[]U®lbD�5bSF36U®g�h hV5]}�hV92; v:RTD>R�l]08[|[¹RTSxv ;�92D^;RTS�[]365][]I
[]5]02SFr<04;�D^hV9 RTC:C®lb5bg�RTD^5]02Sx{

iH04S�}�9f[]D^5]02SFg�04SVD^;�02l:[]g�hV943698[¹04rLD^92SF943çC:l]02=XD^;�RTrJG:g�3_RTSxRN}4943692SVD�rLU:SVg�D^5]02Sx[]Y
RTSxvHD^hV9�r<02lbl]04�F5bSx}WaTg�04Sx}49f[]D^5]02S g�04SVD^;�02l&b-[]g�hV943ç9f[@�F5blml@[|02U:SxvHr<RT365blm5]RT;�RTrLDL92;
;(9fRNv85bSx}eRTÿ\02U:DuD^;�RTrJG:g¹3_RTSxRN}4943692SVD>{xG@04369�g�02Sx}�98[]D^5]04SXg�02SVD^;�04l@[]g�hV92369f[xRT;�9
04U®D^lb5bSV98v�RN[:r<04lbl]02��[|{

�LS�RAïn�eÊ3Æòñ��[�ÁóAÊÁ�«��RTlbl]04g�RTD^5]04S []g�h�943692YND^hV9-UB[]94; � R�g�04SVS�94g�D^5]04SF;(9�O�U:98[]D>��5bSxv85bI
g�RTD^9f[VDLh�9 3_R��5b36U:3 ;RTD^9HRTDu�FhV5bg�h g�92lbl][#RT;(9H[]92SVDuD>0�D^hV9�SV94D^��02;	�uY8[|0�D^hxRTDuD^hV9
[]U®3 04rVC®98R��X;�RTDL98[¹02r���i�iH[¹04au94;�R�lb5bS��çv:029f[:Sx02D�9F�g�929fv D^hV9-lb5bS���D�[:3_R��5bI
36U®3 g�92lbl8;�RTD^9f{"�LS�RAô��[�����'ª���æP�$§©¨Áª7Ç!�!à$ª��@[]g�hV923694YZR�365bS�5b36U:3 D^hV;�02U¹}4hVI
C®U®DZ;�9�O�U:5b;(923694SVDZ5c[B[]C®94g�5>G®9fv8Y��FhV5bg�h 3_RT= ÿu9 9)�g�929fv898vfY4ÿuU®DZD^hV9 g�02SVSV92g�D^5]02S
5][:;(92rLU¹[]98v 5brVD^hxRTD�365bSV5b36U®3 ;RTD^9�5][:g�RTSVSx04D�ÿf9�}4U¹RT;�RTSVD^9498v:{

tuU®lblb=Xÿö0f0)�u98v�õI¨Á���F�N�¦�X��¨Á�Uö1À$�'�º�e�N��¨k�]õI¨k�P�X§R¨Á�«RNvf365bD>[¹02SVlb=Xg�02SVSV94g�D^5]02Sx[
�FhV5bg�hFhxRTaZ9�D^;RTrRG:g�CBRT;RT3692D^94;�[:D^hxRTD��F5blbl8Sx02DVg�RTUB[]9�v898}�;�RNvöRTD^5]02S�04r�Lo02G 04S
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5bSx}-C¹08[|[]5bÿflb94YNrL;�023 R�KZ{~q"h ÿö�:[¹[]5bS�}�lb94I<[cD<RN}49-3_RTD^;>5> g�RT;<;>5b94;�[]�F5bD^g�hFD>0�R �N{~q
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Switch Vendor Chart

Type
Fabric

architecture
Fabric

speed Gb/s
Fabric

redundancy

Max #
 SONET

ATM ports
Max port
input Gb/s

Call
control

Bay Networks CA MS Mx 5.0 no 16 2.5 Cent

Fore Systems CA TDM Bus 2.5 no 16 2.5 Dist

Cisco CA n/a 2.5 no 16 2.5 Cent

Newbridge Vivid CA SS Fabric 1.6 no 12 1.86 Cent

Hughes CA/EN BC Mx 2.5 optional 16 2.5 Dist

Lightstream CA/EN SS Fabric 2.0 optional 18 2.8 Dist

GTE CA/EN BC Mx 1.2/8 port optional 16 2.5 Cent

Telematics EN TDM Bus 2.5 optional 14 2.2 Dist

NET EN TDM Bus 1.2 no 90❈ 4.0 Dist

Newbridge 36150 EN SS/MS Mx ✠ 2.5 optional 16 2.5 Cent

DEC EN SS Fabric 10.4 n/a 52 10.4 Dist

Alcatel CO MS Mx ✝ 10 no 29 1.2 Dist

General Datacomm CO/EN BC Mx 6.4 optional 32 4.96 Both

Stratacom CO/EN SS Fabric 9.6 yes 36❈ 5.4 Dist ★

Newbridge 36170 CO SS Fabric 12.8 yes 64 10 Cent

TRW CO SS Fabric 12.8 yes 16 2.5 Dist

AT&T CO MS Mx 2.4 - 2.0✩ yes 128 20 Dist

Northern Telecom CO SS Fabric 1.2 optional 8 1.2 Cent
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Switch Vendor Chart (con’d)

✢ This feature is present but further details not provided.

✱ 4K VPCIs per slot, 16K connections total

✙ per switch, 16 VPs and 1024 VCs per port, but 2000 max per switch is the most significant value

◆ In fabric buffer, not strictly input

✦Total, allocated per VC, not per port

❉ Stratacom says EFCI, different acronym, same idea

✫ Generic Cell Rate Algorithm (Frame Relay)

Output
buffer

cells/port

Input
buffer

cells/port
Traffic

management
Congestion

control/avoidance
# QOS
classes

# Priority
levels

VPCIs/
port

Bay Networks n/a no none none 1000✱

Fore Systems 2.4K no dual leaky bucket none

Cisco ✢ no dual leaky bucket none

Newbridge Vivid 4K no none (shaping) call admission control 3 2000✙

Hughes 4K-8K no policing✢ congestion mgmt✢ 14 4096

Lightstream 4K-8K 6K dual leaky bucket selective frame loss 5 multiple✢

GTE 2K, 4K, 8K 70◆ priority preemption call admission control 8

Telematics n/a n/a n/a n/a

NET ✢ no no BECN flow control 2

Newbridge 36150 n/a n/a triple leaky bucket call admission control

DEC 128K 2500 none (shaping) credit-based & FECN
flow control

Alcatel n/a n/a none none 4000

General Datacomm ✢ small✢ 4 leaky buckets none 2

Stratacom 24K 64K ✦ dual leaky bucket

GCRA✫

call admission control
rate-based flow control
FECN flow control ❉
 selective cell discard

32 1000

Newbridge 36170 n/a n/a triple leaky bucket call admission control

TRW ✢ ✢ dual leaky bucket,
virtual scheduling

selective cell discard,
FECN flow control

3

AT&T n/a n/a 4 loss priorities feedback flow control 4 2 4096

Northern Telecom ✢ n/a dual leaky bucket none 4
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Switch Vendor Chart (con’d)

SVCs NNIs
Multicast
addressing LANE

Virtual
LAN

IP over
ATM API

Other
features/comments

Bay Networks ● ● ● ● ● ❍ ❍

Fore Systems ● ● ● ● ● ● ●

Cisco ❍ ❍ ❍ ❍ ❍ ❍ ❍

Newbridge ViVid ● ● ● ● ● ● ❍

Hughes ❍ ❍ ❍ ❍ ❍ ❍ ❍

Lightstream ● ● ❍ ❍ ❍ ❍ ❍

GTE ● ❍ ❍ ❍ ❍ ❍ ❍

Telematics ❍ ❍ ❍ ❍ ❍ ❍ ❍

NET ● ❍ ❍ ● ● ❍ ❍

Newbridge 36150 ● ● ● ● ● ● ❍

DEC n/a n/a n/a n/a n/a n/a n/a

Alcatel ❍ ❍ ❍ ❍ ❍ ❍ ❍

General Datacomm ● ● ❍ ❍ ❍ ❍ ❍

Stratacom ❍ ● ❍ ❍ ❍ ❍ ❍

Newbridge 36170 ● ● ❍ ❍ ❍ ❍ ❍

TRW ● ● ❍ ❍ ❍ ❍ ❍

AT&T ● ● ❍ ❍ ❍ ❍ ❍

Northern Telecom ❍ ● ❍ ❍ ❍ ❍ ❍
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Switch Vendor Chart (con’d)

✶ 155 Mbps over singlemode fiber, signalling not specified

❖ 100 Mbps over multimode fiber, signalling not specified

✜ 100 Mbps and 140 Mbps over singlemode and multimode fiber,

      LATM (Local ATM) signalling

✪ Trunking (NNI) only

OC-12
STS-12

OC
3(c)

STS
3(c) OC-1 STS-1 TAXI DS3 DS1 T3 T1

International

OtherSTM-1 E3 E1

Bay Networks ❍ ● ❍ ❍ ❍ ❍ ● ❍ ❍ ❍ ● ❍ ❍ 4B/5B

Fore Systems Q295 ● ● ❍ ❍ ● ● ❍ ❍ ❍ ● ● ❍

Cisco ❍ ❍ ● ❍ ● ● ● ❍ ❍ ❍ ● ● ❍

Newbridge ViVid ❍ ● ❍ ❍ ❍ ❍ ❍ ❍ ❍ ❍ ● ❍ ❍

Hughes ❍ ✶ ● ❍ ● ❍ ● ❍ ● ● ● ● ●

Lightstream ❍ ● ❍ ❍ ❍ ❍ ❍ ❍ ● ● ● ● ●

GTE Q395 ● ● ❍ ❍ ● ● ● ❍ ● ❍ ❍ ❍ HiPPI

Telematics ❍ ● ❍ ❍ ❍ ❍ ❍ ❍ ● ● ● ● ● SMDS DXI

NET ❍ ❍ ❍ ❍ ❍ ❍ ● ❍ ● ● ❍ ● ●

Newbridge 36150 ❍ ● ❍ ❍ ❍ ✜ ❍ ❍ ● ● ● ● ●

DEC Q395 ❍ ● ❍ ❍ ❍ ● ❍ ● ❍ ● ● ❍

Alcatel ❍ ✶ ❍ ❍ ❍ ❖ ● ❍ ❍ ❍ ❍ ● ❍ SMDS

General Datacomm ❍ ● ● ❍ ❍ ● ● ● ● ● ● ● ● E2

Stratacom ❍ ● ❍ ❍ ❍ ❍ ❍ ❍ ● ● ● ● ● SMDS

Newbridge 36170 Q395 ● ❍ ❍ ❍ ❍ ❍ ❍ ● ● ● ● ●

TRW Q295 ● ❍ ❍ ❍ ❍ ● ● ❍ ❍ ❍ ❍ ❍

AT&T ✪ ● ● ❍ ❍ ❍ ● ● ❍ ❍ ● ● ●

Northern Telecom ❍ ● ❍ ❍ ❍ ❍ ● ❍ ❍ ● ❍ ❍ ❍
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